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Background:  Plaque  rupture  and secondary  thrombus  formation  play key  roles  in  the  onset  of  acute
coronary  syndrome  (ACS).  Plaques  showing  the  napkin-ring  sign  in  multidetector  computed  tomography
(MDCT)  have  been  reported  as  thin-cap  ﬁbroatheroma  that  is recognized  as a precursor  lesion  for  plaque
rupture. The  purpose  of this  study  was  to investigate  distribution  and  frequency  of napkin-ring  sign and
its  relationship  to features  indicating  coronary  plaque  vulnerability  on  MDCT  in  patients  with  coronary
artery  disease.
Methods: We  enrolled  273  patients  with  ACS  (n =  61)  or stable  angina  pectoris  (SAP, n  = 212) who  were
assessed  by  MDCT.  The  deﬁnition  of  the  napkin-ring  sign  was  the  presence  of a ring  of high  attenuation
and  the  CT  attenuation  of a  ring  presenting  higher  than  those  of  the adjacent  plaque  and  no  greater  than
130  HU.
Results:  The  culprit  plaques  with  the  napkin-ring  sign  show  higher  remodeling  index  and  lower  CT
attenuation  (1.15  ±  0.12  vs.  1.02  ± 0.12,  p < 0.01 and  39.9  ±  22.8  vs.  72.7  ± 26.6, p  < 0.01,  respectively).
Napkin-ring  sign  at culprit  lesions  was  more  frequent  in  patients  with  ACS  than  those  with  SAP  (49.0%  vs.
11.2%,  p  <  0.01).  Moreover,  napkin-ring  sign  at non-culprit  lesions  was  more  frequently  observed  in ACS
patients  compared  with  SAP  patients  (12.7%  vs.  2.8%,  p < 0.01). The  distribution  of the  napkin-ring  sign
in  the  right  coronary  arteries  and  left  circumﬂex  arteries  of our  population  was  relatively  even,  whereas
the  napkin-ring  sign  in  the  left  anterior  descending  artery  was  common  in  the proximal  sites (p  <  0.01).
Conclusions:  The  napkin-ring  sign  assessed  by  MDCT  represents  similar  clinical  features  of ﬁbroatheroma.
MDCT  could  contribute  to  the search  for  ﬁbroatheroma.
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Acute coronary syndrome (ACS) is provoked by sudden rupture
f thin-capped ﬁbroatheroma (TCFA) and subsequent thrombus
ormation [1–4]. Multidetector computed tomography (MDCT)
llows us to image coronary plaque non-invasively [5–7]. Recently,
e have reported that plaque showing low attenuation surrounded
y a rim-like area of higher attenuation on MDCT, namely napkin-
ing sign, is associated with TCFA [8].
In this study, we sought to investigate the distribution and fre-
uency of plaques showing napkin-ring sign and its relationship
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to features indicating coronary plaque vulnerability on MDCT in
patients with coronary artery disease.
Methods
Study population
We enrolled 273 patients with MDCT examinations who were
admitted to Wakayama Medical University because of ACS (n = 61)
or stable angina pectoris (SAP, n = 212). The deﬁnition of ACS
(non-ST-segment elevation myocardial infarction, unstable angina)
established by a previous multi-center MDCT study was  employed
[9]. The presence of coronary artery stenosis was  deﬁned as a
luminal obstruction >50% diameter in any coronary segment on
MDCT image. The culprit lesions were identiﬁed using a com-
bination of electrocardiographic ﬁndings, left-ventricular wall
motion abnormalities in echocardiography and/or scintigraphy in
vier Ltd. All rights reserved.
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First, 273 patients were divided into 2 groups, according to the
presence or absence of the napkin-ring sign at the culprit lesion.
The baseline characteristics are shown in Table 1. ACS was more
Table 1
Patient characteristics.
Variable Napkin-ring sign p-Value
Yes No
Patients, n 49 224
Age (years) 66 ± 11 68 ± 10 0.38
Men 44 (90) 178 (79) 0.09
Acute coronary syndorme 24 (49) 25 (11) <0.01
Coronary risk factor
Hypertension 31 (63) 161 (72) 0.23
Diabetes mellitus 22 (45) 106 (47) 0.76
Hypercholesterolemia
(>220 mg/dl)
30 (61) 123 (55) 0.43
Smoking 30 (51) 115 (61) 0.21
Family history 8 (16) 49 (17) 0.97
Obesity 15 (31) 47 (21) 0.15
Medication
-Blocker 22 (45) 129 (58) 0.71
ACE-I or ARB 27 (50) 123 (57) 0.11
Statins 20 (41) 107 (48) 0.38
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orrespondence with most stenotic sites on coronary angiography.
emographic and clinical data were collected retrospectively and
ssessed as in previous reports [10,11]. The study was  carried out
ccording to the Declaration of Helsinki.
canning, imaging protocol, and analysis of MDCT
MDCT scanning, imaging protocol, and analysis were carried
ut as we reported previously [8,12]. Brieﬂy, the 64-slice CT
Lightspeed VCT, GE Healthcare, Fairﬁeld, CT, USA) was employed
ith a collimation of 0.625 mm per detector row, a table feed of
.2–8.0 mm/rotation, a tube current of 500–800 mA,  a tube voltage
f 120 kV, pixel size of 0.625 mm × 0.625 mm,  and rotation time of
50 ms  in 63 patients.
In the remaining 210 patients, 64-slice MDCT (Brilliance CT 64,
hilips Electronics, Eindhoven, The Netherlands) was  employed
ith a collimation of 0.625 mm per detector row, a table feed of
.0 mm/rotation, a tube current of 400–500 mA,  a tube voltage of
20 kV, pixel size of 0.4 mm × 0.4 mm,  and a rotation time of 420 ms.
All patients with a heart rate >70 bpm received a  blocker
efore the CT scan. A bolus of 65 ml  of contrast media was injected
ntravenously at a ﬂow rate of 3.5–4.5 ml  per second followed by a
0 ml  saline injection at the same ﬂow rate. The analysis of 64-
DCT image data was performed by two experienced readers.
uantitative measurements were performed under concordance
f two observers. Outer vessel area and arterial remodeling index
ere assessed by cross-sectional images. The arterial remodeling
ndex was deﬁned as the ratio between the outer vessel area at
he site of maximal luminal narrowing and the mean of the proxi-
al  and distal reference sites. Positive remodeling was deﬁned as
emodeling index >1.05. The CT attenuation values of plaques were
easured in multiple (at least 3 sections) cross-sectional images
long the plaque by 5-pixel regions of interest at multiple sites in
he plaque and averaged. If the culprit plaque had any calciﬁed com-
onents, regions of interest were positioned on the non-calciﬁed
rea.
he napkin-ring sign
The deﬁnition of the napkin-ring sign was used according to
ur previously published criterion: (1) the presence of a ring of
igh attenuation around certain coronary artery plaque; and (2)
he CT attenuation of a ring presenting higher than those of the
djacent plaque and no greater than 130 HU in order to differentiate
rom calcium depositions [8,13]. The representative case with the
apkin-ring sign is shown in Fig. 1.
ig. 1. Representative case with the napkin-ring sign. Representative image of the napk
rea  of the plaque showed high computed tomography attenuation and it appeared like 
rtery.diology 61 (2013) 399–403
Statistical analysis
Statistical analysis was  performed using SPSS software for
Windows version 11.0 (SPSS Inc., Chicago, IL, USA). Results are
expressed as mean value ± standard deviation (SD) for approxi-
mately normally distributed variables and median [interquartile]
for skewed variables. Qualitative data are presented as num-
bers (%). Differences between the two  groups were tested by the
unpaired t test for approximately normally distributed variables,
by Mann–Whitney test for skewed variables, and by Fisher’s exact
test for categorical variables. A p-value <0.05 was considered sta-
tistically signiﬁcant.
The authors had full access to and take full responsibility for
the integrity of the data. All authors have read and agree to the
manuscript as written.
Results
Baseline characteristicsHypoglycemic agent 17 (35) 73 (33) 0.78
C-reactive protein (mg/dl) 0.12 [0.08–0.28] 0.10 [0.05–0.17] 0.04
Data presented are mean ± SD or No. (%).
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
in-ring sign assessed by multidetector computed tomography is shown. The outer
a ring. This napkin-ring sign was located in the proximal portion of right coronary
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[proximal 11 (4.4%), mid  13 (4.8%), and distal 5 (1.8%), p = 0.16],
whereas plaques with the napkin-ring sign in left anterior descen-
ding artery (LAD) were common in the proximal sites [proximal
17 (6.2%), mid  7 (2.6%), and distal 0 (0%, p < 0.01) (Fig. 3). In addi-
F
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requently observed in the napkin-ring sign group than the non-
apkin-ring sign group (49% vs. 11%, p < 0.01). Serum level of C-
eactive protein (CRP) was higher in the napkin-ring sign group
han the non-napkin-ring sign group [0.12 (0.08–0.28) mg/dl vs.
.10 (0.05–0.17) mg/dl, p = 0.04].
DCT ﬁndings
The MDCT ﬁndings of culprit lesions are summarized in Table 2.
uter vessel area, remodeling index, and frequency of positive
emodeling were greater in coronary plaques with the napkin-
ing sign than those without the napkin-ring sign (22.3 ± 5.6 vs.
8.5 ± 5.7, p < 0.01; 1.15 ± 0.12 vs. 1.02 ± 0.12, p < 0.01; and 80%
s. 33%, p < 0.01, respectively). CT attenuation values were lower
n coronary plaques with the napkin-ring sign (39.9 ± 22.8 HU vs.
2.7 ± 26.6 HU, p < 0.01).
requency, distribution, and MDCT ﬁndings of the ring-like sign
A total of 60 plaques with the napkin-ring sign from 273 patients
ere found. Of these, 49 plaques with the napkin-ring sign were
bserved at culprit lesion, and 11 plaques with the napkin-ring sign
ere in the remote site. In two patients, the plaque at culprit lesion
id not show the napkin-ring sign, but non-culprit lesion showed
able 2
ultidetector computed tomography ﬁndings.
Variable Napkin-ring sign p-Value
Yes (n = 49) No (n = 224)
Outer vessel area (mm3) 22.3 ± 5.6 18.5 ± 5.7 <0.01
Luminal area (mm3) 6.3 ± 2.9 6.1 ± 3.3 0.63
%  Plaque area 71.2 ± 12.9 66.9 ± 15.7 0.08
Positive remodeling 39 (80%) 75 (33%) <0.01
Remodeling index 1.15 ± 0.12 1.02 ± 0.12 <0.01
CT  attenuation value (HU) 39.9 ± 22.8 72.7 ± 26.6 <0.01
ata presented are mean ± SD or No. (%).
T, computed tomography.
ig. 3. Frequency and distribution of napkin-ring sign in 3 coronary vessels. Distributio
ircumﬂex artery (LCX) of our subject populations was relatively even, whereas plaques w
n  the proximal sites. We  found 2 napkin-ring signs in the left main coronary artery (LMCdiology 61 (2013) 399–403 401
the napkin-ring sign. Napkin-ring signs at culprit lesions were more
frequent in patients with ACS than those with SAP (49.0% vs. 11.2%,
p < 0.01) (Fig. 2). Moreover, napkin-ring sign at non-culprit lesions
was more frequently observed in ACS patients compared with SAP
patients (12.7% vs. 2.8%, p < 0.01). Fifty (83.3%) of sixty plaques with
napkin-ring sign showed positive remodeling, 55 (91.7%) and lower
CT number than the average of all plaques and both of these two
features were observed in 47 plaques (78.3%). The distribution of
plaques with the napkin-ring sign in right coronary artery and left
circumﬂex artery of our subject populations was relatively evenFig. 2. Frequency of the napkin-ring sign in comparison between ACS and SAP. (a)
The  napkin-ring sign was  more frequently observed in patients with ACS than SAP
(49.0% vs. 11.2%, p < 0.01). (b) Additional napkin-ring signs were also more frequently
observed in patients with ACS than SAP (12.7% vs. 2.8%, p < 0.01). ACS, acute coronary
syndrome; SAP, stable angina pectoris.
n of plaques with the napkin-ring sign in the right coronary artery (RCA) and left
ith the napkin-ring sign in the left anterior descending artery (LAD) were common
A).
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ion, we found 2 plaques with the napkin-ring sign in the left main
oronary artery.
omparison between 2 CT scanners
The comparisons of window settings for assessment and the
esults of plaque and lumen CT numbers at culprit sites between
 CT scanners are displayed in Table 3. There were no signiﬁcant
ifferences in all parameters between scanners.
iscussion
he napkin-ring sign and vulnerable plaque
From the pathological ﬁndings, it has been reported that TCFA
s considered as a rupture-prone plaque [3]. A recent multimodal-
ty imaging study by Maurovich-Horvat et al. conﬁrmed that
he napkin-ring sign on MDCT was caused by the presence of
broatheroma [14]. Previously we reported that the napkin-ring
ign was frequently observed in unstable lesions such as TCFA
r ruptured plaque [8]. In this study, ACS was more frequent in
atients with napkin-ring sign at culprit site than those without
apkin-ring sign and additional plaques showing napkin-ring sign
ere more frequently observed in patients with ACS. Moreover,
RP was higher in patients with napkin-ring sign than those with-
ut napkin-ring sign. Interestingly, plaques with the napkin-ring
ign were more frequently located in the proximal LAD. All these
linical features of the napkin-ring sign were consistent with those
f TCFA from pathological and in vivo optical coherence tomogra-
hy studies [15,16]. Thus, our results support the fact that a plaque
ith the napkin-ring sign could be ﬁbroatheroma.
linical implication
In the clinical setting, detection of vulnerable plaque is one of
he most important aims for MDCT. Motoyama et al. investigated
he MDCT assessment of vulnerable plaques, which resulted in the
evelopment of ACS, and they concluded that positive remodeling
nd low CT attenuation plaque were the most important features
n MDCT [17]. In other reports, low CT attenuation plaque was
lso associated with future ACS onset and lesion vulnerability
18,19]. These two features correspond to the napkin-ring sign.
hus, searching plaques showing the napkin-ring sign to predict
nd prevent ACS events would appear worthwhile.
While many studies have established the efﬁcacy of statins to
educe acute cardiovascular events [20–22], it is difﬁcult to know
heir effect on each individual patient. Because plaque monitor-
ng by MDCT is not established in clinical use, we  need to conduct
rospective studies validating the prognostic value of the napkin-
ing sign.
able 3
omparison between 2 CT scanners.
GE Philips p-Value
Patients, n 63 210
Window setting
Window level 280.3 ± 80.4 301.7 ± 102.5 0.13
Window width 1051.2 ± 182.4 1121.2 ± 357.2 0.14
Culprit plaque
Lumen CT number (HU) 334.6 ± 51.1 345.3 ± 66.2 0.24
Plaque CT number (HU) 62.4 ± 27.1 68.2 ± 29.2 0.16
ata presented are mean ± SD or No.
T, computed tomography.
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Limitations
A number of limitations can be said to be associated with the
present study. We  excluded many plaques with severe calciﬁca-
tion. The study population was relatively small and our results may
not be applicable to all patients with coronary artery disease. We
collected data retrospectively, so selection bias might exist. With
respect to calcium depositions, we  did not conﬁrm them using plain
CT angiography to avoid additional radiation. Therefore, the possi-
bility that some calciﬁcations might be depicted as the napkin-ring
sign cannot necessarily be excluded. Finally, we  used 2 different
types of MDCT scanner and compared window settings and the
plaque and lumen CT numbers to evaluate the inﬂuence of effec-
tive radiation voltages between 2 scanners. Although there were
no differences, we cannot deny the inﬂuence of differences in the
performance between 2 MDCT scanners.
Conclusion
The napkin-ring sign assessed by MDCT represents similar clin-
ical features of TCFA. MDCT could contribute to the search for
ﬁbroatheroma and prevention of future ACS events.
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